US008045759B2

a2 United States Patent 10) Patent No.: US 8,045,759 B2
Mizutani et al. 45) Date of Patent: Oct. 25,2011
(54) OBJECT DETECTION SYSTEM AND 2003/0076414 Al*  4/2003 Satoetal. ............. 348/148
METHOD 2003/0138133 Al 7/2003 Nagaoka et al.
2004/0178945 Al* 9/2004 Buchanan ................. 342/70
(75) Inventors: Masami Mizutani, Kawasaki (JP); FOREIGN PATENT DOCUMENTS
Takafumi Edanami, Yokohama (IP); 1P 8315149 11/1996
Ikumi Edanami, legal representative, Jp 2000-39306 2/2000
Yokohama (JP) JP 2003-230134 8/2003
Jp 2003-284057 10/2003
(73) Assignee: Fujitsu Limited, Kawasaki (JP) g gggggggggg 142&%882
(*) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent is extended or adjusted under 35 M. Bertozzi et al., “Vision-based Pedestrian Detection: will Ants
U.S.C. 154(b) by 707 days. Help?”, IEEE Intelligent Vehicles 2002, vol. 1, 7 pages.
M. Bertozzi, et al., “Pedestrian Localization and Tracking System
(21) Appl. No.: 12/230,116 with Kalman Filtering”, 2004 IEEE Intelligent Vehicles Symposium,
Jun. 14-17, 2004, pp. 584-589.
Ted- International Search Report for PCT/JP2007/000616, mailed Aug.
(22) Filed: Aug. 22,2008 28, 2007,
(65) Prior Publication Data * cited by examiner
US 2009/0066490 A1 Mar. 12, 2009 Primary Examiner — Jason M Repko
(30) Foreign Application Priority Data Assistant Examiner — Shei'v in Nakhjavan
(74) Attorney, Agent, or Firm — Staas & Halsey LLP
Nowv. 29,2006 (WO) ....cccceeeee PCT/IP2006/323792
(57) ABSTRACT
(51) Int.CL An object detection system, comprising an unit for calculat-
GO6K 9/00 (2006.01) ing relationship information between a position on an image
(52) US.Cl oo ... 382/103 of an object existing on a road surface and a size of an image
(58) Field of Classification Search .................. 382/103;  Ppicked up by one camera, using an actual size of a target
348/169: 340/435. 937 object and camera parameter, a unit for evaluating an exist-
g lication file let 1 history. ence possibility ofa symmetry axis in a specific pi)gel incase
©¢ appcalion e lor comprete searcl fustory of an interval determined on the basis of geometric informa-
(56) References Cited tion, a unit for evaluating density and continuity in the vicin-
ity of the center axis of a rectangular area of a pixel whose
U.S. PATENT DOCUMENTS symmetry value is equal to or more than a specific threshold
' * and detecting the lowest end point of the symmetric object
2’2%’833 gl ggggg glilatri(lia atal 382/103 and a unit for outputting a position and size of a candidate area
7:046:822 BL* 52006 Knoeppel et al 382/103 of the symmetric object on the basis of the lowest end point.
7,620,208 B2* 11/2009 Zhuetal. ......... .. 382/104
2002/0134151 Al* 9/2002 Naruokaetal. .............. 73/291 15 Claims, 22 Drawing Sheets
1
4
— — /-\/

[

[
|
l
I
|
|
I
|




U.S. Patent Oct. 25,2011 Sheet 1 of 22 US 8,045,759 B2

z

FIG. 1



U.S. Patent Oct. 25,2011 Sheet 2 of 22 US 8,045,759 B2

FIG. 2A



U.S. Patent Oct. 25,2011 Sheet 3 of 22 US 8,045,759 B2

12
14-1 PRl
- 11-2
14-2 : :
14-3< - a — - 11-3
14-4 - : 11-4
14-5 A - 11-5
. - 11-6
13
14-6

FIG. 3



U.S. Patent Oct. 25,2011 Sheet 4 of 22 US 8,045,759 B2
22a
21 23
< < INAGE FRAME | /24
D L/F >| STORAGE UNIT
A 4
CAMERA SYMMETRY 25
B PARANETER o EVALATION |
STORAGE UNIT UNIT
7
\ 4 A 4
30 \ GEOMETRIC SYMMETRY AXIS f 26
INFORMAT ION CONTINUITY
GENERATION UNIT EVALUATION UNIT
A 4
- | :
RECTANGULAR 27
TABLEU MSITTORAGE o] Area GENERATION |7
UNIT

\ 4
LATTER STAGE
PROCESSING
UNIT

//z—28

FIG. 4



U.S. Patent Oct. 25,2011 Sheet 5 of 22 US 8,045,759 B2

7 RECTANGCE WIDTH OF TRECTANGLE RETERT OF
COORDINATE 0BJECT OBJECT 'NTER"?— SIZE
{pixel Wipixeld Hipixel)

i

2
140 10 20 17

141 1 22 17

142 12 24 17

180 25 50 30
181 26 52 30

FIG. 5



U.S. Patent Oct. 25,2011 Sheet 6 of 22 US 8,045,759 B2

|
1

Wmin S Wmax

EW

T1 T2 T3 T4 TS

Ti = S*(i—0.5)+Wmin

FIG. 6



U.S. Patent Oct. 25,2011 Sheet 7 of 22 US 8,045,759 B2

x+u

< ™~
™~ -~

FIG. 7



U.S. Patent Oct. 25,2011 Sheet 8 of 22 US 8,045,759 B2

\

THE LOWEST END POINT E OF A LINE
SEGMENT OBTAINED BY THE THINNING
PROCESS

FI1G. 8



U.S. Patent Oct. 25,2011 Sheet 9 of 22 US 8,045,759 B2

a*xW

-

2 bl ek ek N IO IO et ek ik -t D)

EL — TOTAL SNEL = 7

W \ COORDINATE (x1,y1)

FI1G. 9



U.S. Patent

Oct. 25, 2011

Sheet 10 of 22

C s )

A 4

DETERMINE AN INTERVAL SIZE Ti

J/I-S1

h 4

PROCESS FOR EACH Ti

A 4

EVALUATE THE SYMMETRY AXIS S OF EACH

PIXEL BY

Symm(x, T)

r

SMOOTHEN EACH

PIXEL BY Vsymm

\ 4

THIN EACH PIXEL BY Thim

\ 4
EXTRACT A LOWER END POINT FROM THE

THINNED LINE

SEGMENT AREA

A 4

GENERATE A RECTANGULAR AREA FOR THE
LOWER END POINT

A

EVALUATE THE

y
SYMMETRY AXIS

CONTINUITY OF THE RECTANGULAR AREA

A
INTEGRATE THE RECTANGULAR AREAS
OBTEINED FOR EACH Ti

’j/—SB

y

OUTPUTS A CANDIDAT

E RECTANGULAR AREA

‘//—89

A
C END

)

FIG.

10

US 8,045,759 B2



U.S. Patent

Oct. 25, 2011

/41
)
42
B

Sheet 11 of 22 US 8,045,759 B2
40
4 ReFLEC
~TION
IMAGE | per ECTION AREA A% | SOLUTION
EXTRACTION UNIT UNIT
SYNCHRONOUS
SIGNAL ! \NZS
LIGHTING/
EXITINGTION %
CONTROL_UNTT DEVICE MAIN BODY

FIG. 1

1A

STORAGE AREA

NEAR-
INFRARED-ON
IMAGE DATA

AN

NEAR-
INFRARED-OFF
IMAGE DATA

e

STORAGE AREA

NEAR-[NFRARED
DIFFERENTIAL

ke

SUBTRAC
~-TION
UNIT

REFLEGTION AREA

| EXTRACTION UNIT REFLECTION

IMAGE DATA

A

IMAGE

(LINE SEGMENT
ELIMINATION)

FIG. 1

1B



U.S. Patent Oct. 25,2011 Sheet 12 of 22 US 8,045,759 B2

SHUTTER -

P LI
NEAR-INFRARED [<oree 1 ] I
CAMERA 41 N 51 N 52 - 51 N 59
NEAR~INFRARED | i i
[RRADIATION LIGHT
42 »> 4+ T

FIG. 12



U.S. Patent Oct. 25,2011 Sheet 13 of 22 US 8,045,759 B2

FIG. 13



U.S. Patent

Oct. 25, 2011

Sheet 14 of 22

US 8,045,759 B2

RECTANGLE WIDTH|  RECTANGLE
y COO_RD[NATE OF OBJECT HELGHT OF INTERVAL SIZE
(pixel) Wipixel) | OBJECT Hlpixel) T
1
2
140 10 20 11
141 11 22 13
142 12 24 13
180 25 50 27
181 26 52 27
FIG. 14



U.S. Patent

Oct. 25, 2011

Sheet 15 of 22
(: START

)

GENERATE A DIFFERENTIAL IMAGE

b 4

DIGITIZATION PROCESS

4
ELIMINATE AN [SOLATED POINT AND STOP UP
A HOLE

\ 4

EXTRACT A PLANE AREA (REFLECTION AREA)

h 4
EXTRACT A LOWER END POINT FROM THE
REFLECTION AREA

\
GENERATE A RECTANGULAR AREA FOR EACH
LOWER END POINT

h 4
EVALUATE THE SYMMETRY AXIS OF THE
RECTANGULAR AREA BY Symm

4

SMOOTHEN EACH RECTANGULAR AREA BY Vsymm

y

THIN EACH RECTANGULAR AREA BY Thin

y
EVALUATE THE SYMMETRY AXIS CONTINUITY OF
EACH RECTANGULAR AREA

Y

OUTPUT A CANDIDATE RECTANGULAR AREA

SN S S S Y S S S NS

(w )

15

FIG.

s

v
—
a3

o
—
(4]

w
E-

w
puity
o

«
o

«
~J

$18

$19

$20

S21

US 8,045,759 B2



U.S. Patent Oct. 25,2011 Sheet 16 of 22 US 8,045,759 B2

A




U.S. Patent Oct. 25,2011 Sheet 17 of 22 US 8,045,759 B2

FIG. 17



US 8,045,759 B2

Sheet 18 of 22

Oct. 25, 2011

U.S. Patent

8L ©14d
LINn
ONISSI00Yd
mN\\ JBY1S Y31V
3
T
NOLLYAENED VA s
1 JVHOLS TNAVL
nw\ YYVINONALOTY NOLLVRNOIN | \_ 1€
¥ D14LINOT)
11NN BN1SS3004d
NOLLVNIAMAII) e ﬁ
G3LVH93INI LIK0 DL 11NN NOI LVUEIND
INNIINGD [ NOT LYIYOANI
\\ gz | st KuiINuiS DB | 08
€6 _
LINA NOILYTIVA o
. RETET L
6z 1 s ALENA] J/mm
LINN 39VH0LS L
NOI LVIIONI 11NN
WISING | | ONISSI00Nd e
-A008 193080 "1 NOISIAIQ Y3HV
108 03 1IN 30V¥01S e
vz~ | e JOVHI
5 16 7 -
26 £ 1z
92z



U.S. Patent Oct. 25,2011 Sheet 19 of 22 US 8,045,759 B2

BODY PARTIVERTTGAL ™ INTERVAL SIZE (ST IXTSTREARKS
D RATIO (RATIO TO ¥) (EXPECTED VALUE)

1 1 0.5 0.5 HEAD

2 7 1 0.5 UPPER_BODY
3 2 03 0.3.0.7 LOWER_BODY

FIG. 19



U.S. Patent Oct. 25,2011 Sheet 20 of 22 US 8,045,759 B2

r1/0¥
10 S AR & S I
12
13
L..\
102
Tlocal2

FIG. 20



U.S. Patent Oct. 25,2011 Sheet 21 of 22 US 8,045,759 B2

x, V)>WH \’\

FIG. 21



U.S. Patent Oct. 25,2011 Sheet 22 of 22 US 8,045,759 B2

CALCULATE A GEOMETRIC /ﬂw/.531
INFORMATION TABLE

v
PROCESS FOR EACH Y COORDINATE

DETERMINE A PARTIAL AREA ON THE S32

BASIS OF PARTIAL BODY-PART o
INFORMATION

e
PROCESS FOR EACH PARTIAL AREA Ii

v S33
SYMMETRY EVALUATION [~~~
PROCESS (Symm(x,Ti))

v

SMOOTHING PROCESS |~ S34

(Vsymm)

v
$35
THINNING PROCESS (Thim ™~

v
. |
v

PRGCESS FOR EACH X COORDINATE

Y
DETERMINE AN AREA R |

v

PROCESS FOR EACH PARTIAL AREA
Ri

S36

CALCULATE A SYMMETRY AXIS 837
EXISTENGE PROBABILITY |~
Psymm,_ i

v S38
N
TNTEGRATED DETERWINATION RECORD OF
PROCESS BASED ON THE EXISTENCE [ -~~~ >
PROBABILITY Psymn OF ALL ADOPTION/DISCARD
PARTIAL AREAS

v
v

s

FIG. 22




US 8,045,759 B2

1
OBJECT DETECTION SYSTEM AND
METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application, under 35
U.S.C. §111(a), of international PCT application No. PCT/
JP2007/000616 filed on Jun. 8, 2007, which claims priority to
international application No. PCT/JP2006/323792, filed Nov.
29, 2006, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates an object detection device
mounted on a vehicle and the like and its method, and more
particularly to an object detection device for detecting the
image area having a high possibility of including an object,
such as a pedestrian and the like of an image picked up by a
single-lens camera mounted on a vehicle and the like and its
method.

2. Description of the Related Art

As to the present vehicle-mounted preparatory prevention
system of forward-collision accidents, various methods are
proposed.

For example, Patent Document 1 proposes a system for
detecting the size and position of a vehicle by detecting light
in an image picked up by two infrared cameras.

As a system for targeting and detecting an object, such as a
pedestrian and the like, Non-patent Document 1 proposes one
method.

The traditional object detection method of a pedestrian and
the like disclosed by Non-patent Document 1 uses the fact
that the shape of a pedestrian is almost axially symmetric and
extracts the candidate area of the pedestrian by evaluating the
axial symmetry in an image local area.

The object detection method disclosed by Non-patent
Document 1 evaluates the symmetry of a brightness image
and an edge image in a rectangle area of each pixel, supposed
to enclose a person when assuming that the pixel represents
its feet, on the basis of the object size and the perspective
projection conditions (its detailed method is not disclosed). In
this case, when there is a plurality of rectangle areas whose
symmetry evaluation value is equal to or more than a thresh-
old on the symmetry axis, one in which the symmetry of a
vertical edge image and an evaluation function (undisclosed)
whose component is a vertical edge density are maximums is
selected.

However, assuming that there is the same vertical symme-
try axis from the top until the bottom of a rectangular area
supposed to enclose a person, sometimes a problem occurs.

For example, in the case of a person that walks sideways in
a large foot step, sometimes the symmetry of a lower-body
cannot be obtained in the same symmetry axis as the upper-
body. In this case, a small area is selected in the further upper
section than essential.

This causes a problem that when converting a distance
from its own vehicle, it is detected farther away than actual
since the rectangular area decreases. In a small rectangular
area, there is a possibility that a rectangular area for only the
upper-body is discarded by the detailed determination of
pattern recognition in the later stage, which deteriorates the
detection function.

FIG. 1 shows the above-described problem.

FIG. 1 typically expresses an image in which a person is
walking.

When a person is walking, it is difficult to obtain a sym-
metry axis passing through from the upper-body until the
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lower-body. In FIG. 1, a symmetry axis 2 against which the

lower-body is horizontally symmetric deviates from the sym-

metry axis 1 of the upper-body. In the system of Non-patent

Document 1, although the image of this one person must be

essentially detected like a rectangular area 4, only the rectan-

gular area 3 of the upper-body is detected and the lower-body
is processed as another rectangular area.

However, in Non-patent Document 2, two cameras are
mounted on a vehicle and the distance of a rectangular area is
obtained by measuring the distance by a stereo image pro-
cessing method. Then, the correction of a rectangular area is
applied to a position and a size led by the perspective projec-
tion conditions, on the basis of the obtained distance. How-
ever, in this method of Non-patent Document 2, since a
mechanism for a stereo image process is necessary, for
example, since two cameras are necessary, costs become
high.

When its contrast with the background is insufficient and
the image 5 of the lower-body is not clear, a smaller area 6 is
selected in the further upper section than essential since the
vertical edge is not sufficiently extracted as shown in FIG. 2A.

When there is a symmetry texture 7 (painting, manhole,
etc.) at its feet, a large rectangular area 8 is selected in the
further lower section than essential as the rectangular area for
the pedestrian, as shown in FIG. 2B since the vertical edge is
taken into consideration.

In view of the above, it is an object of the present invention
to provide an object detection system and method having a
mechanism for determining the area of a target object with
higher accuracy using only an image picked up by a single-
lens camera without performing a stereo image process.

It is another object of the present invention to provide an
object detection system and method with a higher object
detection function at low costs.

Patent Document 1: Japanese Patent Application No. 2003-
230134

Non-patent Document 1: Massimo Bertozzi, Alberto Broggi
et al., “Vision-based Pedestrian Detection: Will Ants
Help?”, IEEE Intelligent Vehicles 2002, volume 1, pages
1-7 (June 2002).

Non-patent Document 2: Alberto Broggi, Massimo Bertozzi
at el., “Pedestrian Localization and Tracking System with
Kalman Filtering”, IEEE Intelligent Vehicles 2004, pages
584-589 (June 2004).

SUMMARY OF THE INVENTION

In order to solve the above-described problems, an object
detection system according to the present invention com-
prises a geometric information generation unit, a symmetry
evaluation unit, a symmetry-axis continuity evaluation unit
and a rectangular area generation unit.

The geometric information generation unit calculates the
relationship information between the position on the image of
an object existing on a road surface and the image area size of
the image picked up by one camera, in case of the actual size
of a target object and camera parameter information.

The symmetry evaluation unit evaluates the existence pos-
sibility of a symmetry axis in a specific pixel using an interval
size T determined on the basis of geometric information.

The symmetry-axis continuity evaluation unit evaluates
the density and continuity in the vicinity of the center axis of
a rectangular area of the pixel whose symmetry value evalu-
ated by the symmetry evaluation unit is equal to or more than
a specific threshold and detects the lowest end point of the
symmetric object.
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The rectangular area generation unit outputs the position
and size of the candidate area of the symmetric object on the
basis of the lowest end point specified by the symmetry-axis
continuity evaluation unit and the geometric information.

According to this configuration, the symmetry axis of a
rectangular area extracted from an image can be calculated
and the continuity of this symmetry axis can be regarded as
one rectangular area.

The present invention can further comprise a reflection
area extraction unit connected to an irradiation light for alter-
nately switching on/off in synchronization with the shutter of
the camera, for calculating the differential image between an
image picked up when the irradiation light is on and an image
picked up when the irradiation light is off and extracting a
reflection area by applying a line segment elimination filter.
The geometric information generation unit calculates the
relationship information between the position on an image of
an object existing on a road surface and an image area size in
the reflection area, using the actual size of a target object and
camera parameter information.

According to this configuration, a reflection area for gen-
erating an image in which the texture in a road surface area is
weakened and a light reaction area is emphasized can be
extracted from the continuous image.

Furthermore, the present invention can also comprise a
target-object body-part division information storage unit for
storing body-part area information depending on the target
object in the rectangular area, an area division processing unit
for dividing a rectangular area into a plurality of partial areas
on the basis of the body-part area information and an inte-
grated determination unit for integratedly determining a can-
didate pedestrian area on the basis of a symmetry axis existing
probability calculated in each of the partial areas by the sym-
metry-axis continuity evaluation unit. The symmetry evalua-
tion unit evaluates the existence possibility of a symmetry
axis in each of the divided partial areas using the interval size
defined by the body-part area information and the symmetry-
axis continuity evaluation unit evaluates density in a pre-
scribed position in the partial area of the candidate symmetry
axis area evaluated by the symmetry evaluation unit and cal-
culates a symmetry axis existing probability.

According to this configuration, a system with a higher
object detection function can be realized.

The prevent invention also includes its object detection
method in its range.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows problems in the traditional object detection.

FIG. 2A shows a case where since a vertical edge is not
sufficiently extracted, a small area is selected in the further
upper section than essential.

FIG. 2B shows a case where there is a symmetry texture
(painting, manhole, etc.) in its feet.

FIG. 3 shows the summary of this preferred embodiment.

FIG. 4 shows the system configuration of the first preferred
embodiment.

FIG. 5 shows a composition example of a geometric infor-
mation table used in the first preferred embodiment.

FIG. 6 shows an interval size T.

FIG. 7 shows a function Symm (x, T).

FIG. 8 shows the reaction area Fx of a symmetry filter,
whose symmetry evaluation value is equal to or more than a
threshold, a line segment area ELL and the lower end point E of
a line segment area EL.
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FIG. 9 shows the evaluation of the density and continuity of
a thinning line-segment area EL, in the vicinity of the center
axis of a rectangular area R.

FIG. 10 is a flowchart showing the process of the system in
the first preferred embodiment.

FIG. 11A shows the system configuration of the second
preferred embodiment.

FIG. 11B shows its process.

FIG. 12 shows the synchronization between the shutter of
a near-infrared camera and near-infrared irradiation light.

FIG. 13 shows how to calculate a reflection area R in the
second preferred embodiment.

FIG. 14 shows a composition example of a geometric infor-
mation table used in the second preferred embodiment.

FIG. 15 is a flowchart showing the process of the system in
the second preferred embodiment.

FIG. 16 shows problems to be solved by the system in the
third preferred embodiment.

FIG. 17 shows a case where a candidate area is divided into
a plurality of areas and a different symmetry interval is used
for each area.

FIG. 18 shows a system composition example of the third
preferred embodiment.

FIG. 19 shows an example of body part area information
stored in the target-object body-part division information
storage unit.

FIG. 20 typically shows a partial image area Ii.

FIG. 21 typically shows a partial area Ri.

FIG. 22 is a flowchart showing the process of the system in
the third preferred embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

One preferred embodiment of the present invention is
described below with reference to the drawings.

In the system of this preferred embodiment, an image
picked up by a single-lens camera mounted on a vehicle and
the like and an image area including line symmetry is detected
as an image area having a high possibility of including a
detection target object taking into consideration a feature that
the detection target object, such as a pedestrian and the like is
almost line symmetric.

Specifically, in FIG. 3, by evaluating the symmetry of thin
rectangular areas 11-1~11-6 supposed to enclose the width of
a person of an image picked up by the camera and evaluating
the density and continuity of candidate symmetry axis areas
14-1~14-6 which exists in the vicinity of the center axis 13 of
a rectangular area 12 supposed to enclose a person, the can-
didate area of a person is generated, which has a robust effect
on a case where the symmetry axis partially deviates and a
symmetry axis in the oblique direction.

The system in the second preferred embodiment further
comprises an irradiation light which alternately lights/extin-
guishes horizontally in synchronization with the shutter of a
camera and can provide a system with a further higher object
detection function by extracting a reflection area for generat-
ing an image in which the texture in a road surface area is
weakened and a light reaction area is emphasized can be
extracted from the continuous image and applying the same
process as in the first preferred embodiment to an image in
this reflection area.

The system in the third preferred embodiment can provide
a system with a further higher object detection function by
further dividing the extraction frame of the extracted target
into a plurality of areas and evaluating a symmetry axis for
each area.



US 8,045,759 B2

5

FIG. 4 shows the system configuration example of the first
preferred embodiment.

In FIG. 4, an object detection system 22a is connected to a
camera 21 and comprises a camera interface 23, an image
frame storage unit 24, a symmetry evaluation unit 25, a sym-
metry-axis continuity evaluation unit 26, a rectangular area
generation unit 27, a latter stage processing unit 28, a camera
parameter storage unit 29, a geometric information genera-
tion unit 30 and a geometric information table storage unit 31.

The camera interface 23 connects the camera 21 and the
object detection system 22a. The image frame storage unit 24
is a memory which stores the data of one image frame picked
up by the camera 21. The symmetry evaluation unit 25 evalu-
ates the possibility of a symmetry axis in the horizontal direc-
tion, in a specific pixel by a symmetry interval (interval size)
determined on the basis of geometric information stored in
the geometric information table storage unit 31. The symme-
try-axis continuity evaluation unit 26 evaluates the density
and continuity in the vicinity of the center axis in a rectangu-
lar area, of a pixel whose symmetry value evaluated by the
symmetry evaluation unit 25 is equal to or more than a spe-
cific threshold and detects its lowest end point (feet). The
rectangular area generation unit 27 outputs the position and
size of a candidate area, such as a pedestrian and the like, on
the basis of the lowest end point specified by the symmetry-
axis continuity evaluation unit 26 and the geometric informa-
tion.

The latter stage processing unit 28 applies an identification
process by a neutral network and/or a pattern matching pro-
cess to the candidate area, such as a pedestrian and the like,
outputted by the rectangular area generation unit 27 to deter-
mine whether it is a rectangular area for a pedestrian and the
like. The camera parameter storage unit 29 stores the param-
eters of the camera 21 connected to the object detection
system 22a, such as the focus distance f of the camera 21, the
position O' (x0, y0, z0) of the camera 21 against the center O
of'the motion of'its own vehicle, the direction 8(yaw, row, pit)
of'the camera 21. The geometric information generation unit
30 calculates an image area supposed to enclose an object
when it is supposed that a pixel represents its feet, of each
pixel, from the object size and the perspective projection
conditions of the camera. The geometric information table
storage unit 31 stores a geometric information table in which
information about the height and width of a rectangular area
to enclose a person are related to each other when the y
coordinate of each pixel represents the feet of the pedestrian,
of a picked-up image.

Next, the detailed detection of a pedestrian by the system
shown in FIG. 4 is described.

The geometric information generation unit 30 calculates an
image area for an image picked up by a camera 21, supposed
to enclose an object when it is supposed that the pixel repre-
sents it feet, of each pixel in the rectangular area, from the size
of'the object (pedestrian) and the perspective projection con-
ditions. Specifically, for example, actual coordinates P (X, Y,
Z) and coordinates Q (u, v) on the screen are related by a
publicly known conversion expression using the focus dis-
tance f of the camera 21, the position O' (x0, y0, z0) of the
camera 21 against the center O of the motion of its own
vehicle, the direction 6(yaw, row, pit) of the camera 21 stored
in the camera parameter storage unit 29.

Alternatively, by specifying the width of an actual person
to be, for example, 70 cm or the like, the relationship between
the y coordinate of a point on an image and the size of the
height and width of a rectangle to enclose a person in the case
where it is supposed that the point represents its feet is in
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6

advance generated as geometric information table and is
stored in the geometric information table storage unit 31.

FIG. 5 shows a composition example of the geometric
information table.

In the geometric information table shown in FIG. 5, the y
coordinate of each pixel in an image picked up by the camera,
the width W and the height H of a rectangular area including
an object (pedestrian) of the rectangular area and an interval
size T are related to each other and stored in a coordinate
system in which the height and width directions of an image
picked up by the camera 21 are taken in the x and y axes and
the upper left corner is used as the origin, as geometric infor-
mation. For example, when the Y coordinate of a pixel at its
feet is 140, the width W and height H of a rectangular area
including an object (pedestrian) and a interval size are 10, 20
and 17.5, respectively. The interval size is a value used when
evaluating the symmetry of the rectangle, which is described
in detail later.

The geometric information generation unit 30 relates
actual coordinates P (X, Y, Z) and Coordinates Q on an image
picked up by the camera 21 using a geometric information
table stored in the geometric information table storage unit 31
and camera parameters stored in the camera parameter stor-
age unit 29.

In such a state, an rectangular area including a pedestrian
on an image picked up by the camera 21 is specified in the
following procedures.

The detailed process performed by the system 224 in the
first preferred embodiment is sequentially described below.
[Step 1]

The symmetry evaluation unit 25 determines the interval
size T of the rectangular area width W corresponding to each
y coordinate, using the geometric information table stored in
the geometric information table.

As to the interval size T stored in the geometric information
table, for example, (N+1) kinds of interval sizes T can be
dispersedly determined using a value obtained by uniformly
dividing the minimum value W, .., and maximum value W, .
of a rectangular area width W by N.

In this case, an interval size T can be calculated as follows.

S=(W o= W,

min

YN

T,=S(i-0.5)+W,,,;, [Mathematical expression 1]

When this T is expressed graphically, FIG. 6 is obtained
(N=5in FIG. 6).

For example, when W, =10, W, =110 and N=8, nine
kinds of interval sizes T=17.5, 30, 42.5, 55, 67.5, 80, 92.5,
105 and 117 are determined.

In this case, as to a specific y coordinate, an interval size Ti
is defined using the minimum “i” in which W<Ti.

For example, in the geometric information table shown in
FIG. 5, wheny coordinate=141, W=11. Therefore, an interval
size T=17.5 is determined using the minimum i=1 which
satisfies W<Ti.

[Step 2]

Then, the symmetry evaluation unit 25 generates a filter
reactive image Fi in which the symmetry in the horizontal
direction in each pixel x of an image I is evaluated by the
function Symm (x,T) of a symmetry filter, in each interval
size Ti.

Symm (X, T) is calculated using the maximum odd number
not exceeding Ti for the determined interval size Ti. For
example, when T=17.5, T=17 is used.
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The symmetry in the interval size T of a signal in the
horizontal direction, of each pixel can be evaluated by the
following function Symm of a symmetry filter.

[Mathematical expression 2]

ZE’(M x)? 20(14 x)?

Symmix, T) = -
z E(u, x)2 + z O(u, x)*
u=1 u=1

Even  function component
I(x+u)) CONormalized E'=E-E ;-

0Odd function component O(u,x)=0.5*(I(x—u)+I(x+u))

In the above equation, E and O are the even and odd
function components, respectively, of an image I using x as
the center. In this case, E is normalized by subtracting the
average E ;-of E atu=1~T from E to calculate E'. Then, it can
be made the evaluation function of symmetry by evaluating it
by a difference in squared sum between the odd function
component O and the normalized value E'.

When this function Symm(x, T) is expressed graphically,
FIG. 7 is obtained.

Although in the above equation, only one line in the hori-
zontal direction of an image 1 is evaluated, this preferred
embodiment is not limited to this. A plurality of lines can be
also assigned in the horizontal direction and evaluated.

When a plurality of lines of pixels is evaluated, the evalu-
ation function Symm becomes as follows.

E(u,x)=0.5*(I(x-u)+

[Mathematical expression 3]

E'(u, x, y)* — Z ZT: O(u, x, y)?

Y =l

%

Y
y

Symmix, T) =

s 101

Ex, ) +3 Z Olu, x, )

u=1 Y =1

Even function component E(u,x, y)=0.5*(I1(x-w,y)+I(x+u,
y))ONormalized E'=E-E ;.

Odd function component O(u,x,y)=0.5*(I(x-w,y)+I(x+u,
¥)

[Step 3]

The symmetry axis continuity evaluation unit 26 applies a
smoothing process to each image Fiusing weight in the height
direction to generate an image Fi'. The image Fi' can be
obtained according to an evaluation expression Vsymm(x).

Vsymm(x)=Symm(x, 7)Jones(m,#) [Mathematical expression 4]

Ones(m,n): Matrix mxn in which all elements are 1
Example m=7, n=3

OCConvolution operation
[Step 4]

The symmetry axis continuity evaluation unit 26 applies a
thinning process to only the height direction of an area Fx
whose symmetry evaluation value is equal to or more than a
specific threshold Thl and extracts a line segment area EL.
obtained by the thinning process.

When a value Fi'(x) in the pixel x of an image Fi' becomes
the maximum of the peripheral plxel Fi'(x-1),

Fi'(x), . . ., Fi'(x+t) at a distance “t” in both left/rlght dlrec-
tions, the thmmng process outputs 1. Otherwise, it outputs 0.
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The thinning process Thin is expressed as follows.

Thin(x,t)=1 if Fi'(x)=max(Fi'(x-t), . .., Fi'(x), . .., F1'(x+t))
otherwise 0

The reaction area Fx of symmetry filter whose symmetry
evaluation value is equal to or more than a threshold Thl, a
line segment area FL and the lower end point E of a line
segment area EL, are shown in FIG. 8.

[Step 5]

The symmetry axis continuity evaluation unit 26 extracts
the lower end point E of the line segment area EL to which a
thinning process is applied. The lower endpoint E can be
obtained by evaluating the continuity in the y axis direction of
the line segment area EL obtained by the thinning process.
[Step 6]

The symmetry axis continuity evaluation unit 26 deter-
mines a rectangular area R existing in the upper section, on
the basis of the geometric information table storage unit 31.

Specifically, for example, it is assumed that an area X=—W/
2+x~x+W/2, Y=y-H+1~y is a rectangular area R. However,
when rectangle width W is larger or smaller than a prescribed
value for an interval size T, this rectangular area R is dis-
carded. For example, only when 0.5*T<W<1.5T, it is adopted
as a rectangular area R.

[Step 7]

The symmetry axis continuity evaluation unit 26 evaluates
the density and continuity of the thinning line segment area
EL in the vicinity of the center axis of the rectangular area R
determined in Step 6.

Its detailed process is described below with reference to
FIG. 9.

Firstly, when the center coordinates of a rectangular area
with width W and height H is (x1, y1), the existence N; of a
thinning line segment area EL in each line of a center area
(x1-0.5*a*W~x1+0.5*a*W, y=y1-H~y1) of a % is evalu-
ated. In this preferred embodiment, the amount of thinning
line segment areas EL existing in an area a % from this center
area is called density.

In FIG. 9, a part in which the line segment area EL is
included in the center area a*W of'a % and a part in which the
line segment area EL is excluded from the center area a*W of
a % are expressed 1 and O, respectively.

Then, if the total SN;(7 in FIG. 9) of N, for all lines of
the center area of a % is equal to or more than a predetermined
threshold Th2, it is determined that there is a symmetry axis
in the rectangular area R.

(For example, SN, >H*Th2)
[Step 8]

The rectangular are generation unit 27 integrates rectangu-
lar areas R obtained in each target filter reactive image
Fi (i=1 , N+1) and integrates closely located ones. For
example, if a distance between bottom center points E1 and
E2 of each of two rectangular areas R1 and R2 is equal to or
less than a specific threshold Th3, a rectangular area whose
density (N2/H) in the vicinity of the center axis of the sym-
metry axis is the larger is selected and the other is discarded.

The rectangular area R obtained thus is considered to be a
candidate pedestrian rectangular area.

Then, the latter stage processing unit 28 applies an identi-
fication process by a neutral network and/or a pattern match-
ing process to this candidate pedestrian rectangular area and
it is determined whether it is a true pedestrian rectangular
area.

When performing the processes of the symmetry evalua-
tion unit 25 and the symmetry axis continuity evaluation unit
26 using an interval size T, a multi-resolution process, such as
Gaussian Pyramid or the like can also reduce the size of an
image into %2, %4 or the like in order to reduce the amount of
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calculation. In this case, for example, when reducing it to /2,
a V5-sized image is evaluated using an interval size 2T. Then,
when integrating rectangular areas, it is restored to the origi-
nal size.

FIG. 10 is a flowchart showing a process performed by the
system in the first preferred embodiment.

In FIG. 10, firstly, as a pre-treatment, the geometric infor-
mation table 31 is calculated for each frame.

Then, in step S1, an interval size Ti is determined referring
to the geometric information table 31.

Then, in step S2, the symmetry axis evaluation process
using the above-described function Symm(x, T) is applied to
each pixel as to each interval size Ti.

Then, in step S3, a smoothing process by the above-de-
scribed function Vsymm is applied to each pixel of the image
obtained in step S2.

Then, in step S4, a line segment area EL is extracted by a
thinning process Thin.

Then, in step S5, the lower endpoint E of the line segment
area EL obtained in step S4.

Then, in step S6, a rectangular area R is generated assum-
ing that this lower end point is pedestrian’s feet.

Then, in step S7, it is checked whether the line segment
area EL is included in the area a % from the center, of the
rectangular area R generated in step S6 and the continuity of
the symmetry axis is evaluated.

The processes in steps s2 through S7 are performed as to
each interval size Tiand in step S8, closely located ones of the
rectangular areas R obtained in each interval size Ti are inte-
grated. Then, lastly, in step S9, a candidate rectangular area is
outputted.

As described above, in the first preferred embodiment, if it
is in a specific range from the center even when the symmetry
axes differ as in the upper body and lower body of a pedes-
trian, it can be considered to be one rectangular area.

Thus, an inexpensive high-performance pedestrian detec-
tion system capable of determining the area of a target object
with high accuracy can be realized.

Next, the second preferred embodiment of the present
invention is described.

FIG. 11 shows the configuration example of a system 40 in
the second preferred embodiment.

As shown in FIG. 11A, in the second preferred embodi-
ment, an irradiation light 42 for applying near-infrared light
and the like and a camera 41 capable of receiving light radi-
ated from this irradiation light 42 are connected to the system
40. The system 40 comprises a reflection area extraction unit
43, a lighting/extinction control unit 44 and a solution unit 45.

Although in the following description, as the irradiation
light 42 and the camera 41, a near-infrared one which radiates
near-infrared light and a near-infrared one capable of receiv-
ing near-infrared light, respectively, are used, the camera 41
and light 42 of this preferred embodiment are not limited to
those. Any other light capable of radiating light actively like
radar and the like and any other camera capable of receiving
the reflection light of this irradiation can be also used.

The reflection area extraction unit 43 extracts the reflection
area of irradiation light. The lighting/extinction control unit
44 controls to alternately switch the on/off of the irradiation
light 42 in synchronization with the shutter of the camera 41.
The solution unit 44 applies the same processes as those of the
symmetry evaluation unit 25, the symmetry axis continuity
evaluation unit 26 and the rectangular area generation unit 27
in the first preferred embodiment to the image in the reflection
area extracted by the reflection area extraction unit 43.

20

25

30

35

40

45

50

55

60

65

10

The irradiation light 42 is switched on/off in synchroniza-
tion with the shutter of the camera 41, and radiates almost in
parallel with the road surface.

As shown in FIG. 11B, a difference between an image
picked up in a state where near-infrared light and the like,
stored in a storage area and an image picked up in a state
where the irradiation light 42 is switched off is calculated by
a subtraction unit and is stored in the storage area. The reflec-
tion area extraction unit applies a line segment elimination
process, which is described later, to this image and outputs a
reflection image.

The near-infrared camera 41 and the near-infrared irradia-
tion light 42 are synchronized in a shutter cycle T by the
synchronous signal of the shutter of the camera 42. As shown
in FIG. 12, in an odd field 52 an image is picked up in the on
state of the near-infrared irradiation light 42 and in an even
field 52, it is picked up in the off state of the near-infrared
irradiation light 42. The data of these picked-up images is
stored in a storage area, which is not shown in FIG. 12.

The detailed process of the system 40 in the second pre-
ferred embodiment is sequentially described below.

[Step 1]

The reflection area extraction unit 43 generates a differen-
tial image D from consecutively picked-up images I1 and 12
(light-on image 11 and light-off image 12). In this case, for
example, the differential absolute value of a corresponding
pixel value can be used.

D(x,y)=(I1-12]

[Step 2]

The reflection area extraction unit 43 generates an image B
to which a digitization process is applied using a prescribed
threshold Th after applying gamma correction to the differ-
ential image D by a prescribed coefficient y. The image B can
be calculated as follows.

B(x,y)=1 if D(x,y)"y>Th otherwise 0

[Step 3]

The reflection area extraction unit 43 applies an open/close
filter for morphological operation in order to eliminate a
small isolated point caused in the image B or stop up a hole
caused in the image B to generate an image M.

[Step 4]

The reflection area extraction unit 43 applies a smoothing
filter of a prescribed window size to the image M to change a
pixel area whose symmetry evaluation value is equal to or
more than a prescribed threshold Th2 to a reflection area R.
For example, the reflection area R can be defined as follows.

[Mathematical expression 5]

1 if M(x, y)®@ones(m, ) > Th2

0 otherwise

R(x, ) ={

Ones(m, n): Matrix mxn in which all elements are 1 Example
m=10, n=10
[J: Convolution operation

How to calculate a reflection area R in the second preferred
embodiment is shown in FIG. 13.

An image 61 is one picked up while the near-infrared
irradiation light 42 is switched off and an image 62 is one
picked up while the near-infrared irradiation light 42 is
switched on.

The near-infrared irradiation light 42 is hardly applied to a
road surface 64 part since it is radiated almost in parallel with
the road surface 64.
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An image 63 is a differential image between these images
61 and 62 calculated by the subtraction unit.

In the image 63, the irradiation light of the near-infrared
irradiation light 42 is applied to a pedestrian 65 to generate a
reflection area from it. Although as to the road surface 66,
only its edge remains, a smoothing filter applies a line seg-
ment elimination process to this to eliminate it.

Thus, only the pedestrian is extracted as a reflection area R.
[Step 6]

The solution unit 45 determines an interval size T on the
basis of rectangular area width W corresponding to each y
coordinate like the symmetry evaluation unit 25 in the first
preferred embodiment. For this interval size T, for example,
the minimum odd number exceeding W is determined.

FIG. 14 shows a geometric information table used in the
second preferred embodiment.

In FIG. 14, for example, when y=140, the interval size T is
the minimum odd number 11 exceeding the rectangle width
W=10 of the object.

[Step 7]

The solution unit 45 extracts the lower end point E of the
reflection area R extracted from the image in step S5.

The lower end point E can be obtained by evaluating the
continuity in the y axis direction of the reflection area R.
[Step 8]

The solution unit 45 assumes that each extracted lower end
point E(X, y) is its feet and determines a rectangular area Rect
existing in the upper section on the basis of a geometric
information table 1.

[Step 9]

The solution unit 45 calculates the symmetry filter reaction
value Fi of each pixel in the rectangular area Rect using the
interval size Ti of the geometric information table referenced
at the y coordinate of each lower end point E(x, y). This
process is the same as that in step 2 of the first preferred
embodiment.

[Step 10]

The solution unit 45 applies a smoothing process by
Vsymm to each rectangular area Rect. This process is the
same as that in step 3 of the first preferred embodiment.
[Step 11]

The solution unit 45 applies a thinning process by Thin to
each rectangular area Rect. This process is the same as that in
step 4 of the first preferred embodiment.

[Step 12]

The solution unit 45 applies a symmetry axis continuity
evaluation process to each rectangular area Rect. This process
is the same as that in step 5 of the first preferred embodiment.

An identification process by a neutral network and/or a
pattern matching process are applied to the candidate pedes-
trian rectangular area thus obtained as a latter process to
determine whether it is a true pedestrian rectangular area.

Thus, a pedestrian rectangular area can be accurately rec-
ognized.

FIG. 15 is a flowchart showing a process performed by the
system in the second preferred embodiment.

When in FIG. 15, the process is started, firstly, a geometric
information table 31 is calculated for each frame as a pre-
treatment.

Then, in step S11, the reflection area extraction unit 43
performs a differential image generation process. In this dif-
ferential image generation process, an image picked up when
the near-infrared irradiation light 42 is switched on is sub-
tracted from an image picked up when the near-infrared irra-
diation light 42 is switched off.

Then, in step S12, the reflection area extraction unit 43
digitizes the differential image obtained in step S11. An iso-
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lated point is eliminated and a hole is stopped up by applying
an open/close filter for morphological operation to this digi-
tized image (step S13).

Then, in step S14, the reflection area extraction unit 43
extracts a reflection area whose symmetry evaluation value is
equal to or more than a threshold Th2 as a plane area extrac-
tion process. Then, the lower end point M(X, y) of this reflec-
tion area is obtained (step S15).

Then, in step S16, the solution unit 44 generates a rectan-
gular area assuming that this lower end point M obtained in
step S15 is a pedestrian’s feet.

Then, in step S17, the solution unit 44 applies a symmetry
axis evaluation process by a function Symm to each rectan-
gular area. This process in step S17 is the same as that in step
S3 of the first preferred embodiment.

Then, in step S18, the solution unit 44 applies a smoothing
process by Vsymm to each rectangular area. This process in
step S18 is the same as that in step S4 of the first preferred
embodiment.

Then, in step S19, the solution unit 44 applies a thinning
process by Thin to each rectangular area. This process in step
S19 is the same as that in step S5 of'the first preferred embodi-
ment.

Then, in step S20, the solution unit 44 applies asymmetry
axis continuity evaluation process to each rectangular area.
This process in step S20 is the same as that in step S7 of the
first preferred embodiment.

Then, lastly, in step S21, a candidate rectangular area is
outputted.

As described above, according to the system in the second
preferred embodiment, even when the lower-body image of a
pedestrian is not clear due to the shortage of contrast and even
when there is symmetry texture (painting, manhole, etc.) in its
feet, the feet can be detected with high accuracy.

Next, the third preferred embodiment of the present inven-
tion is described.

Since the system in the third preferred embodiment uses a
symmetry interval T aiming a front shoulder width from the
upper end until to the lower end of a rectangular area, a
symmetry axis candidate is prevented from being extracted
on the crosscut painting of a road surface to become the cause
of a detection error.

This leads to a problem that it is detected nearer than actual
when converting a distance from its own vehicle and a prob-
lem that it is discarded in the detail determination of the latter
stage processing unit 28 to deteriorate the detection perfor-
mance.

It also can cope with a problem a candidate area is gener-
ated in an area there is no pedestrian by the combination of
road surface painting and road background, as in the second
preferred embodiment. This also leads to a problem that the
number of execution of a detail determination process in the
latter stage increases to increase the amount of process.

FIG. 16 shows these problems.

In FIG. 16, when detecting an object (pedestrian), for
example, a rectangular area including road surface painting or
arectangular area 75 of an object other than a detection target
74 is detected as a candidate area instead of a rectangular area
72 obtained using symmetry interval (interval size) calculated
from the shoulder width of the pedestrian in the initial stage.

In the third preferred embodiment, these candidate areas
are evaluated and a wrong rectangular area is removed before
the detail determination of the latter stage processing unit 28.

The system in this preferred embodiment detects an image
area including linear symmetry as an image area having a
high possibility of including a pedestrian using an image
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picked up by a vehicle-mounted single-lens camera taking
into consideration a feature that a pedestrian is almost linear-
symmetric.

Specifically, in FIG. 3 by evaluating the symmetry of thin
rectangular areas 11-1~11-6 supposed to enclose the width of
an object, of an image picked up by a camera and evaluating
the density and continuity of candidate symmetry axis areas
14-1~14-6 existing in the vicinity of the center axis 13 of a
rectangular area 12 supposed to enclose an object, the candi-
date area of a detection target object is generated, which has
a robust effect in a case where a symmetry axis partially
deviates or on a symmetry axis in the oblique direction.

In this case, in the third preferred embodiment, for
example, if a detection target is a pedestrian, a different sym-
metry interval is used for each area corresponding to a body
part, such as a head, an upper-body, a lower-body and the like
of a person when evaluating the symmetry of an area sup-
posed to enclose the width of a person.

FIG. 17 shows a case where a candidate area is divided into
a plurality of areas and a different symmetry interval is used
for each area.

FIG. 17 shows the candidate area of a pedestrian. The
candidate symmetry axis areas of a head area 81, an upper-
body area 82 and a lower-body area 83 are calculated using
different symmetry intervals Thd, Tub and Tlb, respectively.

Thus, the system in the third preferred embodiment can
realize higher detection capability than the system in the first
preferred embodiment.

FIG. 18 shows a system composition example of the third
preferred embodiment.

FIG. 18 is drawn in comparison with the system composi-
tion example of the first preferred embodiment shown in FIG.
4 and the same reference numerals are attached components
having the substantially same function as the first preferred
embodiment.

When compared with the configuration shown in FIG. 4,
the configuration shown in FIG. 18 further comprises an area
division processing unit 91, a target body-part division infor-
mation storage unit 92 and an integrated determination pro-
cessing unit 93.

The area division processing unit 91 divides a whole-body
rectangular area into a plurality of body-part areas on the
basis of information stored in the target body-part division
information storage unit 92. The target body-part division
information storage unit 92 stores body-part area information
depending on a target object (pedestrian) of a rectangular area
enclosing the whole body of a person, determined on the basis
of a geometric information table. The integrated determina-
tion processing unit 93 integratedly determines whether the
whole-body rectangular area includes a target object (pedes-
trian), on the basis of the existence possibility of a symmetry
axis, obtained from the plurality of body-part areas.

Then, the symmetry axis continuity evaluation unit 26
calculates the existence probability of a symmetry axis in one
of'the body-part areas divided by the area division processing
unit 91.

The detailed process of the system 224 in the third pre-
ferred embodiment is sequentially described below.

The following processes in step A are applied to each Y
coordinate.

[step A-1]

The area division processing unit 91 determines the verti-
cal side length of the whole-body rectangular area enclosing
a person at each Y coordinate, on the basis of a geometric
information table being currently processed. An interval size
to be applied to each area is determined by referring to the
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body-part area information stored in the target body-part
division information storage unit 92 by this vertical side
length.

For example, when the area division processing unit 91
divides the whole-body rectangular area into three areas of a
head, an upper-body and a lower-body, the body-part area
information stored in the target body-part division informa-
tion storage unit 92 includes a vertical division ratio, a ratio of
an interval size in each area, and the rectangle width W of an
object, as shown in FIG. 19. It also includes a position in the
horizontal direction where asymmetry axis exists, of the
body-part area.

For example, the vertical division ratio (Y coordinate) of
the head, the upper body and the lower body is calculated to
be 1:2:2 according to a vertical division ratio. The ratios of the
interval sizes of the head and the upper body and the lower
body to the rectangle width W of an object are expressed 0.5,
1 and 0.3, respectively. Furthermore, when expressing the
expected value of the existing position of a symmetry axis,
those of the head and the upper body become 0.5. That of the
lower body becomes 0.3 and 0.7 since there is a high possi-
bility that two symmetry axes may appear.

Then, as shown in FIG. 20 an area between the line 101 of
Y=130 and the line 102 of Y=180 (area of Y=131~180) is
divided into three areas 11, 12 and I3 at the ratio of 1:2:2 from
the top using this piece of body-part area information, for
example, H=50 and W=25 in the case where its Y coordinate
is 180, shown in FIG. 5. Then, interval sizes Tlocall (corre-
sponding to Thd shown in FIG. 17), Tlocal2 (corresponding
to Tub shown in FIG. 17) and Tlocal3 (corresponding to Tlb
shown in FIG. 17) of the areas I1, 12 and 13, which are used by
the symmetry evaluation unit 25 are calculated as follows.

Tlocall=*0.5J13
Tlocal2=W*1[125

Tlocal3=W*0.318

Then, the following processes are applied to each partial
image area Ii.

The following processes in step B shows ones applied to
each partial image area Ii.

[Step B-1]

The symmetry evaluation unit 25 generates a filter reactive
image Fi by evaluating the symmetry in the horizontal direc-
tion at each pixel x of the image area Ii by the function
Symm(x, T) of asymmetry filter using each interval size Tlo-
cal_i (the same process in Step 2 of the first preferred embodi-
ment).

[Step B-2]

The symmetry axis continuity evaluation unit 26 applies a
smoothing process to each image Fi using a weight in the
vertical direction to generate an image Fi'. This can be
obtained, for example, by an evaluation expression Vsymm
(x) (the same process in Step 3 of the first preferred embodi-
ment).

[Step B-3]

The symmetry axis continuity evaluation unit 26 applies a
thinning process to the image Fi' after the smoothing process
only in the vertical direction of an area Fx whose symmetry
evaluation value is equal to or more than a specific threshold
Th_i and extracts a line segment area EL. obtained by the
thinning process (the same process in Step 4 of the first
preferred embodiment).
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Then, the following processes are applied to each X coor-
dinate.

The following processes in step C are applied to each X
coordinate.

[Step C-1]

The symmetry axis continuity evaluation unit 26 deter-
mines arectangular area R existing above the present process
target pixel (X, y) on the basis of the geometric information
table 31 (corresponding to Step 6 in the first preferred
embodiment).

Specifically, the area of X=—W/2+x~x+W/2, Y=y-H+1~y
in an area between the line 101 of Y=130 and the line 102 of
Y=180is determined to be a rectangular area R on the basis of
the rectangle width W of the object, obtained from the Y
coordinate.

Then, the following processes are applied to each partial
rectangular area Ri.

The following process in step D is applied to each partial
rectangular area Ri.

FIG. 21 typically shows the partial image area Riinan area
between a line 101 of Y=130 and a line of Y=180.

[Step D-1]

The symmetry axis continuity evaluation unit 26 evaluates
the density of a thinning line segment area EL, in the vicinity
of'the Ri defined by the rectangular area R determined in step
C-1 and the image area [i and calculates the existence prob-
ability of a symmetry axis Psymm_i.

For example, the center position x1 of the area Ri is deter-
mined referring to the body-part area information and on the
basis of the existing position (expected value) of asymmetry
axis. For example, in the case of ahead, it is obtained accord-
ing to x1=0.5*W.

In this case, if the y coordinate of the area Ri is y1~y2, the
existence NEL of a thinning line segment area EL. in each line
of the area a % using x1 as the center (x=x1-0.5*a*W~x1+
0.5*a*W, y=y1-H~y1) is evaluated.

When assuming the total of the NEL of all lines in the
center area of a % to be SNEL, it can be defined that
Psymm_i=NEL/(y2-y1+1) (the same as [Step 7] in the first
preferred embodiment).

When two or more symmetry axes can be expected in the
area Ri, as in the case of a lower body, the Psymm of each
position, which can be obtained by referring to the body-part
area information, is calculated.

When the process in step D is completed, step C-2 is
applied to each X coordinate.

[Step C-2]

It is integratedly determined whether the rectangular area
R includes a target object, on the basis of the Psymm from
each partial rectangular area Ri. For example, if all Psymm_i
satisfies a prescribed threshold Thi, it is determined that there
is a symmetry axis corresponding to each body part of a
pedestrian to adopt the area R. Otherwise, it is discarded
(when two or more existence probabilities are obtained from
Ri, an “or” condition is attached).

if Psymm1>Thl & Psymm2>Th2 & (Psymm31>Th31 ]
Psymm32>Th32) then f (Psymml, Psymm?2, Psymm3)=1
otherwise 0

Then, if f(Psymm1, Psymm2, Psymm3) is 1 according to
the evaluation function, all the partial areas are adopted. If it
is 0, all the partial areas are discarded.

By applying the above-described steps to all Y coordinates,
it is determined whether there is a pedestrian in each point (x,
¥)-
FIG. 22 is a flowchart showing the process of the system in
the third preferred embodiment.
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When the process shown in FIG. 22 is started, firstly, in step
S31, a geometric information table is calculated for each
frame.

This geometric information table is calculated from param-
eters, such as the height, inclination, focus distance and the
like of a camera.

Then, the following processes in step S32~S38 are repeat-
edly applied to each Y coordinate.

Firstly, in step S32, a partial area is determined on the basis
of the body-part area information.

For example, when the body-part area information is as
shown in FIG. 19, the whole-body area is divided into the
partial areas of a head, an upper-body and a lower-body at the
ratio of 1:2:2, respectively. The interval size of each partial
area is determined.

Then, the following processes in step S33 S35 are applied
to each partial area Ii.

Firstly, in step S33, the symmetry evaluation unit 25 gen-
erates a filter reactive image Fi which is evaluated by the
function Symm(x, T) of a symmetry filter.

Then, in step S34, the symmetry axis continuity evaluation
unit 26 applies a smoothing process to each image Fi using a
weight in the vertical direction to generates an image Fi'.

Then, in step S35, the symmetry axis continuity evaluation
unit 26 applies to a thinning process to only the vertical
direction of an area whose symmetry evaluation is equal to or
more than a specific threshold Th_i of the image Fi' after the
smoothing process and extracts an line segment area EL.
obtained by the thinning process.

After applying the above-described processes in steps
S33~S35 to all the partial areas Ii, step S36 is applied to each
X coordinate.

In step S36, a partial area R is determined.

Then, the process in step S37 is applied to all the partial
areas Ri.

In step S37, the symmetry axis existence probability of
each partial area Ri is calculated.

Then, after the process in step S37, in step S38 a determi-
nation process based on a existence probability of
all the partial areas Psymm is performed using f{(Psymm1,
Psymm2, (JCJ). After applying the processes in step S32
through S38 to all the Y coordinates, this process terminated.

As described above, according to the system of the first
preferred embodiment, a candidate pedestrian area is gener-
ated by evaluating the symmetry of a thin rectangular area
supposed to enclose the width of a pedestrian and evaluating
the density and continuity of a candidate symmetry axis area
existing in the vicinity of the center axis of the rectangular
area, which has a robust effect on a case where the symmetry
axis partially deviates and a symmetry axis in the oblique
direction.

Thus, the problems that a rectangular area is recognized
smaller than essential, that a distance is recognized to be
extremely farther than essential, that a rectangular area is
discarded by the detail determination in the latter stage and
that a detection function deteriorates can be solved.

Since a single-lens camera is used, an inexpensive and
small-scaled system can be realized.

According to the system of the second preferred embodi-
ment, even when contrast with a background is insufficient
and the image of alower body is not clear and even when there
is a symmetry texture (painting, manhole, etc.) in its feet, the
feet can be detected with accuracy. As in the system in the first
preferred embodiment, the problems that a distance is recog-
nized to be extremely farther than essential, that a rectangular
area is discarded by the detail determination in the latter stage
and that a detection function deteriorates can be solved.
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According to the system of the third preferred embodi-
ment, by dividing a rectangular area into a plurality of partial
areas and evaluating the symmetry axis of each partial area
using a different interval size, the number of detection errors
decrease, thereby realizing a far higher object detection func-
tion.

Although in the above-described examples, a pedestrian is
used as one example of the detection target to be detected by
the object detection system, the detection target of detection
target according to the present invention is not limited to a
pedestrian and it can be any other object having slight sym-
metry, such as a signboard, a sign, an automobile, a bicycle, a
motorcycle and the like.

What is claimed is:

1. An object detection system, comprising:

a geometric information generation unit for calculating
relationship information between a position on an image
of'an object existing on a road surface and an image area
size of an image picked up by one camera, using an
actual size of a target object and camera parameter infor-
mation;

a symmetry evaluation unit for evaluating an existence
possibility of a symmetry axis in a specific pixel in case
of an interval size determined on the basis of geometric
information;

a symmetry-axis continuity evaluation unit for evaluating
density and continuity in the vicinity of the center axis of
a rectangular area of a pixel whose symmetry value
evaluated by the symmetry evaluation unit is equal to or
more than a specific threshold and detecting the lowest
end point of the symmetric object; and

a rectangular area generation unit for outputting a position
and size of a candidate area of the symmetric object on
the basis of the lowest end point specified by the sym-
metry-axis continuity evaluation unit and the geometric
information.

2. The object detection system according to claim 1, further

comprising

a geometric information table storage unit for storing a
table which corresponds between a position in the ver-
tical direction of a pixel in the picked-up image and a
width and a vertical size of the rectangular area to
enclose the target object are related to each other as the
geometric information.

3. The object detection system according to claim 1,

wherein

when a position in the horizontal direction of a pixel and
the interval size are x and T, respectively, the symmetry
evaluation unit evaluates the existence possibility of a
symmetry axis using the following function Symm(x, T)

T T
DIEw x? =) O, 02
Symmix, T) = ";1 "7:_1
3 E(u xP + 3 O, x)?
u=1 u=1

Even function component
I(x+u))[ONormalized E'=E-E -
odd function component O(u,x)=0.5*(I(x—-u)+I(x+u))
E ;-is the average of E in u=1~T.

4. The object detection system according to claim 1,
wherein

when a position in the horizontal direction of a pixel and

the interval size are x and T, respectively, the symmetry

E(u,x)=0.5*(I(x-u)+

20

25

30

3

o

40

45

50

55

60

65

18

evaluation unit evaluates the existence possibility of a
symmetry axis using the following function Symm(x, T)

E'(u, x, y)* - Z ZT: Olu, x, y)*

Y =l

2

by
y

Symmix, T) =

M~ iMﬂ

Eru,x, yP + 3, § Olu, x, )

y =1

i

Even function component
I(x+u,y)) CO0Normalized E'=E-E ,,-
0Odd function component O(u,x, y)=0.5*(I(x-u,y)+I1(x+u, y))
E ;-is the average of E in u=1~T.

5. The object detection system according to claim 1,

wherein

a smoothing process is applied to a pixel whose symmetry
value evaluated by the symmetry evaluation unit is equal
to or more than a specific threshold, a thinning process is
applied to an image composed of pixels after the
smoothing process and the lowest end point of a line
segment area obtained by the thinning process is calcu-
lated.

6. The object detection system according to claim 1,

wherein

the rectangular area generation unit integrates closely
located ones, of the lowest end points detects by the
symmetry axis continuity evaluation unit and outputs a
rectangular area a lowest end point of which is the lowest
end point as a position and size of a candidate area of the
target object.

7. The object detection system according to claim 1, further

comprising

a reflection area extraction unit connected to an irradiation
light for alternately switching on/off in synchronization
with a shutter of the camera, for calculating a differential
image between an image picked up when the irradiation
light is switched on and an image picked up when the
irradiation light is switched off and extracting a reflec-
tion area by applying a line segment elimination filter to
the differential image,

wherein

the geometric information generation unit calculates rela-
tionship information between a position on an image of
an object existing on a road surface and an image area
size in the reflection area, using an actual size of a target
object and camera parameter information.

8. The object detection system according to claim 7,

wherein

the irradiation light is a near-infrared irradiation light.

9. The object detection system according to claim 7,

wherein

the irradiation light radiates light in almost parallel with a
road surface.

10. The object detection system according to claim 1,

wherein

the target object is a pedestrian.

11. The object detection system according to claim 1, fur-

ther comprising:

a target-object body-part division information storage unit
for storing body-part area information depending on the
target object in the rectangular area;

an area division processing unit for dividing a rectangular
area into a plurality of partial areas on the basis of the
body-part area information; and

E(u,x,y)=0.5*(I(x-wy)+
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an integrated determination unit for integratedly determin-
ing a candidate pedestrian area on the basis of a symme-
try axis existence probability calculated by the symme-
try-axis continuity evaluation unit in each of the partial
areas,

wherein

the symmetry evaluation unit evaluates the existence pos-
sibility of a symmetry axis in each of the divided partial
areas using the interval size defined by the body-part
area information and

the symmetry-axis continuity evaluation unit evaluates
density in a prescribed position of a partial area of a
candidate symmetry axis area evaluated by the symme-
try evaluation unit and calculates a symmetry axis exist-
ing probability.

12. The object detection system according to claim 11,

wherein

the target object is a pedestrian and

the area division processing unit divides the rectangular
area into a partial area corresponding to a head of the
pedestrian, a partial area corresponding to an upper-
body and a partial area corresponding to a lower-body.

13. An object detection method, comprising:

calculating relationship information between a position on
an image of an object existing on a road surface and an
image area size of an image picked up by one camera,
using an actual size of a target object and camera param-
eter information;

evaluating an existence possibility of a symmetry axis in a
specific pixel, in case of an interval T determined on the
basis of geometric information;

evaluating density and continuity in the vicinity of the
center axis of a rectangular area of a pixel whose evalu-

—_
w
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ated symmetry value is equal to or more than a specific
and detecting the lowest end point of the symmetric
object; and

outputting a position and size of a candidate area of the
symmetric object on the basis of the lowest end point
specified by the symmetry-axis continuity evaluation
unit and the geometric information.

14. The object detection method according to claim 13,

further comprising:

dividing a rectangular area into a plurality of partial areas
on the basis of the stored body-part area information
depending on the target project in the rectangular area;

integratedly determining a candidate pedestrian area onthe
basis of a symmetry axis existence probability calcu-
lated in each of the partial areas;

evaluating existence possibility of a symmetry axis in each
of the divided partial areas, using the interval size
defined by the body-part area information; and

evaluating density in a prescribed position of a partial area
of the candidate symmetry axis area evaluated by the
symmetry evaluation unit and calculating a symmetry
axis existing probability.

15. The object detection method according to claim 13,

wherein

a differential image between an image picked up when the
irradiation light is switched on and an image picked up
when the irradiation light is switched off'is calculated, a
reflection area is extracted applying a line segment
elimination filter to the differential image and relation-
ship information between a position on an image of an
object existing on a road surface and an image area size
in the reflection area is calculated, using an actual size of
a target object and camera parameter information.

#* #* #* #* #*
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In the Claims
Column 17, lines 17-37, please delete claim 1 in its entirety and replace with the following

--1. An object detection system, comprising:

at least one processor programmed to provide

a geometric information generation unit for calculating geometric information between a
position on an image of an object existing on a road surface and an image area size of an image
picked up by one camera, using an actuat size of a targel object and camera parameter information;,

a symmetry evaluation unit for evaluating an existence possibility of a symmetry axis in a
specific pixel in case of an interval size determined on the basis of geometric information;

a symmetry-axis continuity evaluation unit for

evaluating continuity of a pixel whose value obtained from evaluation by the symmetry
evaluation unit is equal 1o or more than a specific threshold,

detecting the lowest end point, and

evaluating density of a pixe! forming a symmetry axis in the vicinity of the center axis of a
rectangular area that is oblained based on the lowest end point detected and the geometric
information; and

a rectangular area generation unit for outputting a position and size of the rectangular area
as a candidate area of the target object when a value obtained from evaluation of the density
evaluated by the symmetry-axis continuity evaluation unit is equal to or more than a specific value.--

Signed and Sealed this
Fifteenth Day of October, 2013

Lo Sk A

Teresa Stanek Rea
Deputy Director of the United States Patent and Trademark Office




CERTIFICATE OF CORRECTION (continued) Page 2 of 4
U.S. Pat. No. 8,045,759 B2

Column 17, lines 46-63, please delete claim 3 in its entirety and replace with the following

--3. The object detection system according to claim 1, wherein when a pasition in the
‘horizontal direction of a pixel and the interval size are x and T, respectively, the symmetry evaluation
unit evaluates the existence possibility of @ symmetry axis using the following function Symmi(x, T).

T
i E'(u,x)* =Y O, x)°
Symm(x,T) == vel

T T

> E(u,x)’ + 3 0, x)’

u=) u=)
Even function component E{u,x) = 3.5°(I(x-u} + I{x+u)) =Normalized E'= E - Eav
Qdd function component O(u,x) = 0.5*()(x-u) + [{x+u)}
Exv is the average of E in u=1 to T--

Column 17, line 64 - Column 18, line 15, please delete claim 4 in its entirety and replace with the
following

--4. The object detection system according to claim 1, wherein
when a position in the horizontal direction of a pixel and the interval size arexand T,

respeclively, the symmetry evaluation unit evaluates the existence possibility of a symmetry axis using
the following function Symm{x, T).

T L8
ZZEI(N, X, y)z _Zzo(u:xsy)z

Symm(x, Ty =2 o

T3 EGx, ) + 33005,

Even function corfiptifient E{u,x,y) = 0.8*(t&tu,y) + I(x+u,y)) =Normalized E'= E - Eav
Odd function component O(u,x, y) = 0.5*(1(x-u.y) + [{x+u, y})
Eav is the average of E in u=1 to T--

Column 18, lines 16-24, please delete claim 5 in its entirety and replace with the following

--5. The object detection system according to claim 1, wherein

for each pixel, a smoothing process is applied to an evaluation value for possibility of the
symmaetry axis obtained from evaluation by the symmetry evaluation unit,

a thinning process is applied to an image composed of pixels whose evaluation value to
which the smoothing process has been applied is equal to or more than a specific threshold, and

the lowest end point of a line segment area obtained by the thinning process is calculated.--
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Column 18, lines 34-49, please delete claim 7 in its entirety and replace with the following

--7. The ubject detection system according to claim 1,

further comprising a reflection area extraction unit connecled to an irradiation light for
alternalely switching on/off in synchronization with a shutter of the camera, for calculating a differential
image between an image picked up when the irradiation light is swilched on and an image picked up
when the irradiation light is swilched off and extracting a reflection area by applying a line segment
elimination filter to the differential image,

wherein the geometric information generation unit calculates geometric information between
a position on an image of an cbject existing on a road surface and an image‘area size in the reflection
area, using an actual size of a target object and camera parameter information.--

Column 19, line 24 - Column 20, line 7, please delete claim 13 in its entirety and replace with the
following

--13. An object detection method, comprising:

calculating geometric information between a position on an image of an object existing on a
road surface and an image area size of an image picked up by one camera, using an actual size of a
target object and camera parameter information;

evaluating an existence possibility of a symmetry axis in a specific pixel, in case of an
inerval size determined on the basis of geometric information;

evaluating continuity of a pixel whose value oblained from evaluation of the existence
possibility is equal to or more than a specific threshgold;

detecting the lowest end point;

evaluating density of a pixe! forming a symmetry axis in the vicinity of the center axis of a
rectangular area that is obtained based on the lowest end point detected and the geometric
information; and

outputting a position and size of the rectangular area as a candidate area of the target object
when a value obtained from evaluation of the density is equal to or more than a specific value --

Column 20, lines 8-21, please delete claim 14 in its entirety and replace with the following

--14. The object detection method according to claim 13, further comprising:

dividing a rectangular area into a plurality of partial areas on the basis of the slored body-part
area information depending on the target project in the rectangular area;

integratedly determining a candidate pedestrian area on the basis of a symmetry axis
existence probability calculated in each of the partia! areas;

evaluating existence possibility of a symmetry axis in each of the divided partial areas, using
the interval size defined by the body-part area information;

evalualing density in a prescribed position of a partial area of a candidate symmetry axis
area for which the existence possibility of the symmetry axis has been evaluated; and

calculating a symmetry axis existing probability.--
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Column 20, lines 22-32, please delete claim 15 in its entirety and replace with the following

-—-18. The object detection method according 1o claim 13, wherein a differential image
between an image picked up when the irradiation light is switched on and an image picked up when
the irradiation light is switched off is calculated, a reflection area is extracted applying a line segment
elimination filter to the differential image and geometric information between a position on an image of
an object existing on a road surface and an image area size in the reflection area is calculated, using
an aclual size of a target object and camera parameter information.—
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--1. An object detection system, comprising:

at least one processor programmed to provide

a geometric information generation unit for calculating geometric information between a
position on an image of an object existing on a road surface and an image area size of an image
picked up by one camera, using an actuat size of a targel object and camera parameter information;,

a symmetry evaluation unit for evaluating an existence possibility of a symmetry axis in a
specific pixel in case of an interval size determined on the basis of geometric information;

a symmetry-axis continuity evaluation unit for

evaluating continuity of a pixel whose value obtained from evaluation by the symmetry
evaluation unit is equal 1o or more than a specific threshold,

detecting the lowest end point, and

evaluating density of a pixe! forming a symmetry axis in the vicinity of the center axis of a
rectangular area that is oblained based on the lowest end point detected and the geometric
information; and

a rectangular area generation unit for outputting a position and size of the rectangular area
as a candidate area of the target object when a value obtained from evaluation of the density
evaluated by the symmetry-axis continuity evaluation unit is equal to or more than a specific value.--
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Column 17, lines 46-63, please delete claim 3 in its entirety and replace with the following

--3. The object detection system according to claim 1, wherein when a position in the
horizontal direction of a pixel and the interval size are x and T, respectively, the symmetry evaluation

unit evaluates the existence possibility of a symmetry axis using the following function Symm(x, T)

. .
D E'(u,x)* =Y Ou, x)*
Symm(x, T) — u;l u=)

T

D E(u,x) + ) Ou,x)’

e =\
Even function component E(u,x) = 0.5*(I(x-u) + [(x+u)) =Normalized E'= E - Eay
Qdd function component O(u,x) = 0.5*(1(x-u) + I{(x+u))
Eav is the average of E in u=1to T.--

Column 17, line 64 - Column 18, line 15, please delete claim 4 in its entirety and replace with the
following

--4. The object detection system according to claim 1, wherein
when a position in the horizontal direction of a pixel and the interval size are x and T,

respectively, the symmetry evaluation unit evaluates the existence possibility of a symmetry axis using
the foliowing function Symm(x, T)

PP IITREILD 3 HOTREY)

Symm(x,T) == ",7,' z “’/:-]
YY) - Y3 0wy
y wu=l y u=l

Even function component E(u,x,y) = 0.5*(I(x-u,y) + I(x+u,y)) =Normalized E'= E - Eav
0dd function component O(u,x, y) = 0.5*(I(x-u,y) + I(x+u, y))
Eav is the average of Einu=1 to T.--

Column 18, lines 16-24, please delete claim 5 in its entirety and replace with the following

--5. The object detection system according to claim 1, wherein

for each pixel, a smoothing process is applied to an evaluation value for possibility of the
symmaetry axis obtained from evaluation by the symmetry evaluation unit,

a thinning process is applied to an image composed of pixels whose evaluation value to
which the smoothing process has been applied is equal to or more than a specific threshold, and

the lowest end point of a line segment area obtained by the thinning process is calculated.--
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Column 18, lines 34-49, please delete claim 7 in its entirety and replace with the following

--7. The ubject detection system according to claim 1,

further comprising a reflection area extraction unit connecled to an irradiation light for
alternalely switching on/off in synchronization with a shutter of the camera, for calculating a differential
image between an image picked up when the irradiation light is swilched on and an image picked up
when the irradiation light is swilched off and extracting a reflection area by applying a line segment
elimination filter to the differential image,

wherein the geometric information generation unit calculates geometric information between
a position on an image of an cbject existing on a road surface and an image‘area size in the reflection
area, using an actual size of a target object and camera parameter information.--

Column 19, line 24 - Column 20, line 7, please delete claim 13 in its entirety and replace with the
following

--13. An object detection method, comprising:

calculating geometric information between a position on an image of an object existing on a
road surface and an image area size of an image picked up by one camera, using an actual size of a
target object and camera parameter information;

evaluating an existence possibility of a symmetry axis in a specific pixel, in case of an
inerval size determined on the basis of geometric information;

evaluating continuity of a pixel whose value oblained from evaluation of the existence
possibility is equal to or more than a specific threshgold;

detecting the lowest end point;

evaluating density of a pixe! forming a symmetry axis in the vicinity of the center axis of a
rectangular area that is obtained based on the lowest end point detected and the geometric
information; and

outputting a position and size of the rectangular area as a candidate area of the target object
when a value obtained from evaluation of the density is equal to or more than a specific value --

Column 20, lines 8-21, please delete claim 14 in its entirety and replace with the following

--14. The object detection method according to claim 13, further comprising:

dividing a rectangular area into a plurality of partial areas on the basis of the slored body-part
area information depending on the target project in the rectangular area;

integratedly determining a candidate pedestrian area on the basis of a symmetry axis
existence probability calculated in each of the partia! areas;

evaluating existence possibility of a symmetry axis in each of the divided partial areas, using
the interval size defined by the body-part area information;

evalualing density in a prescribed position of a partial area of a candidate symmetry axis
area for which the existence possibility of the symmetry axis has been evaluated; and

calculating a symmetry axis existing probability.--
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Column 20, lines 22-32, please delete claim 15 in its entirety and replace with the following

-—-18. The object detection method according 1o claim 13, wherein a differential image
between an image picked up when the irradiation light is switched on and an image picked up when
the irradiation light is switched off is calculated, a reflection area is extracted applying a line segment
elimination filter to the differential image and geometric information between a position on an image of
an object existing on a road surface and an image area size in the reflection area is calculated, using
an aclual size of a target object and camera parameter information.—



